Objectives: To assess the potential risk factors for shigellosis including housefly density. Methods: A matched case-control study to investigate potential risk factors for shigellosis was conducted in a semi-urban area, Kaengkhoi District, Saraburi Province, central Thailand. Shigella cases were ascertained from a two-year population-based surveillance study detecting diarrhea and shigellosis in the area. The study evaluated a wide range of exposures, which were assessed by odds ratios (OR) adjusted for proxy markers of socioeconomic status: family income, and type of residence, using conditional logistic regression analysis. Results: Hygiene behaviors such as regular hand washing ( p < 0.05), a clean environment surrounding the household ( p < 0.001), and the availability of water to flush the toilet ( p = 0.08) were associated with a reduced risk for shigellosis in the multivariate model. In contrast factors indicating a lower than average socioeconomic status, such as having to rent instead of owning one's housing ( p < 0.001) and a low family income ( p < 0.01) were associated with an increased risk for shigellosis. For children, breastfeeding showed a strong protective effect in reducing the risk of shigellosis ( p < 0.01). Prior to adjustment for environmental factors, fly density in the kitchen area was associated with an increased risk of shigellosis ( p < 0.01). Conclusions: We found a correlation between socioeconomic status and the risk for shigellosis. To reduce shigellosis in this setting, we recommend interventions focused on three aspects: improved water supply and sanitation (especially latrines and garbage disposal) including fly control, health education on hand washing, and the promotion of breastfeeding. #
Introduction
Diarrhea and dysentery are major causes of morbidity in many countries worldwide and affect those living in impoverished conditions most. 1 With the shift to urban living and improved socioeconomic status in Southeast Asia, the burden of diarrhea and shigellosis is expected to decline. However recent studies indicate that a considerable shigellosis burden remains in Thailand. 2, 3 Few population-based studies on risk factors for shigellosis have been published, in particular in Thailand. 4 Most data have come from outbreak investigations, and such studies have shown associations between shigellosis and the consumption of unboiled water, 5, 6 attending school, 7 contaminated food, 7 and household contacts. 8 There are few population-based studies on correlates of shigellosis risk even though the risk factors may differ between epidemic and endemic scenarios. Shigellosis has been shown to be associated with weaning practices, in particular among severely malnourished children. [9] [10] [11] Children cared for in day-care centers have been shown to have a higher risk for shigellosis than children who are cared for at home. 12 Population-based surveillance for diarrhea and shigellosis was conducted in Kaengkhoi District, central Thailand between 2000 and 2002 to estimate the shigellosis burden in this part of Thailand. 2 During the first two years of surveillance, culture-confirmed shigellosis cases and healthy matched controls were enrolled in a case-control study. Data were collected on exposure to potential risk factors such as water supply and sanitation, hygiene behavior, and socioeconomic status. This paper reports potential risks adjusted for exposure to potential confounding factors.
Methods

Study population
The study area is located in Kaengkhoi District, Saraburi Province, Thailand, approximately 100 km northeast of Bangkok. The area includes a small city with some industry that is surrounded by rural villages that depend on agriculture for income. Data from the 2001 census maintained by government healthcare officers show a total population of 80 141 in the catchment area, including 5686 (7%) children under 60 months of age.
Healthcare system
Healthcare utilization in Kaengkhoi District has recently been reviewed in detail. 13 In brief, the healthcare system has three tiers with the first contact being the community health center, usually a free-standing structure staffed by one or more nurses who provide basic health services, stabilize emergency patients for transport elsewhere, and perform uncomplicated deliveries. There are 20 community health centers in the study catchment area. Each health center provides care for a population of approximately 4000 individuals. Patients who cannot be adequately cared for at the community health center are transferred to the district hospital in Kaengkhoi, which is staffed by internists, pediatricians, and surgeons. Patients who require more specialist services or therapies not available in the district hospital are transferred to the provincial hospital near Kaengkhoi District. Some doctors working at government hospitals earn extra income by seeing patients at their private clinics in the evenings. A survey conducted in 2000 found 16 private clinics in the study area. Not all patients seek care at public or private clinics; some patients treat themselves with overthe-counter pharmaceuticals or traditional products. Residents are allocated to government health centers that can be the community health center or the outpatient department of a hospital. Current government policy encourages patients to attend their assigned primary healthcare provider by charging reduced user fees. All community health centers in the study area, the district hospital, and the provincial hospital participated in the surveillance study.
Study design
All shigellosis cases ascertained from the population-based surveillance study were eligible to be included in a matched case-control study. However, during the peak of the shigellosis season in June 2001, only 14 of the 50 shigellosis cases were recruited into the study (Figure 1 ). To be eligible to participate in the study, cases had to attend a study health facility with diarrhea (three or more loose stools, or at least one watery, bloody, or mucoid stool in the 24 hours prior to visiting the health facility) and Shigella had to be isolated from a rectal swab. For each case enrolled, two matched controls were randomly selected from the population list of the health center where the case resided ( Figure 1 ). Controls were matched for sex and age with the cases: within three months for children under 2 years old; within six months for children under 5 years old; within twelve months for children under 16 years old; and within five years for adults aged 16 years and over. Individuals free from diarrhea or dysentery during the four weeks prior to recruitment were eligible to participate in the study as controls.
14 All study participants had to live in the study area for at least six months.
The same interviewer visited the households of cases and controls. A standardized questionnaire was administered to explore water supply, sanitation, behaviors related to hygiene, and other potential risk factors for diarrhea in the household of the respondent. Parents or guardians provided information on children. Water supply, sanitation, hygiene, and the presence of flies in the household were directly observed by the interviewer. Fly density was measured using a Scudder grill 15 in six different locations (toilet, kitchen, dish-washing area, rubbish area, animal pen, and other fly aggregating sites) in the house of the respondent. A fly net (17 inches diameter) was used to collect flies at the location with the highest fly aggregation. Flies were pinned and stored with the name and the address of the respondent. The species of flies were identified at the Department of Entomology, Faculty of Tropical Medicine, Mahidol University in Bangkok. Income estimates were based on the income of the respondent, and in the case of children was based on the income of their parents. The distance from the residence of the respondent to the healthcare facility was measured by motorcycle mileage.
Laboratory methods
Healthcare providers collected rectal swabs from diarrhea cases, which were transported to Saraburi Provincial Hospital by courier for Shigella isolation using standard bacterial culture method. Shigella isolates were confirmed by the reference laboratory (World Health Organization Salmonella and Shigella Center) at the Ministry of Public Health in Nonthaburi. The detailed laboratory methods have been described elsewhere. 2 
Sample size
The number of cases and matched controls was selected to give 80% power to detect odds ratios (OR) of 2.0 or greater with 5% significance for risk factors with a prevalence of between 19% and 70% in the controls.
Analysis methods
The matched case-control study was analyzed using conditional logistic regression. Stata/SE 8.0 (Stata Corporation, College Station, TX, USA) was used for the analysis. The odds ratios and 95% confidence intervals were estimated for the association between shigellosis and each risk factor, and the significance of the association was determined using likelihood ratio tests. Five variables potentially confounding any association with shigellosis were defined prior to analysis: the type of healthcare facility (community health center, private clinic, hospital), distance from home to health facility, type of residence, family income, and number of family members in the household. Two of these, type of residence and family income, demonstrated an independent association with shigellosis and were used to adjust all univariate associations. All variables with p < 0.1 in the univariate analysis were included in a final multivariate model, but were dropped if the significance of the association after adjustment for other factors was p 0.1. Associations with p < 0.05 were regarded as significant.
Ethics
All participants were provided with the written study information and further written consent was obtained from each participant (parent or guardian for children) before the household interview. The study received approval from the local government, Kaengkhoi District, Saraburi Province, Thailand; the Ministry of Public Health at Nonthaburi; the ethics review committee of the London School of Hygiene and Tropical Medicine, London, UK and the Secretariat Committee for Research Involving Human Subjects, World Health Organization, Geneva, Switzerland.
Results
The assembly of the 403 participants in the study, 139 cases and 264 matched controls is shown in Figure 1 . One hundred and twenty-five cases were matched to two controls and 14 cases were matched to one control. The matching ensured that cases and controls were similar in age (the median age was 5 years for both cases and controls), sex (57% of the cases and 58% of the controls were female), and residence. A similar proportion of cases and controls resided in each sub-district with a non-significant difference ( p = 1.0, Chisquare test).
All five potential confounding factors (healthcare provider, distance to healthcare facility, type of residence, family income, and number of family members) showed an independent association with the risk of shigellosis ( p < 0.1, Table 1 ). Individuals who rented their accommodation had a significantly higher risk of shigellosis (OR = 11.2, 95% CI 3.6-35.0) compared to those who owned their accommodation. People with a family income less than or equal to 5000 baht per month had more than two-fold increased risk for shigellosis ( p < 0.01) compared to those with no reported Risk factors for shigellosis in Thailand income. Even though all were significant in the univariate analysis, after adjustment for other factors only two variables -type of residence and family income -remained significant and were included in all multivariate models. After adjustment for type of residence and family income, the following associations were significant at p < 0.1 in univariate analyses:
Water use, latrine use, and hand washing habits Drinking bottled water increased the risk for shigellosis (OR = 2.4, 95% CI 1.1-5.2, p = 0.02, Table 1 ). The presence of water for flushing or toilet paper in the latrine had a protective effect against shigellosis ( p < 0.05). People not using latrines and having to defecate in the environment around the household showed a two-fold increased risk for shigellosis compared to latrine users ( p = 0.06). Regular hand washing (three times a day or more) reduced the risk for shigellosis significantly (OR = 0.5, 95% CI 0. 
Household cleanliness and cooking facilities
Using an open, unhygienic basket as a rubbish bin in the kitchen increased the risk for shigellosis (OR = 2.1, 95% CI 0.9-5.0, p = 0.08, Table 1 ). Rubbish disposal (with no rubbish bin) close to the kitchen increased the risk for shigellosis (OR = 1.7, 95% CI 1.0-2.8, p = 0.06). The presence of animals in the household had no significant effect on the risk of shigellosis but the presence of animal excreta in the household increased the risk for shigellosis nearly three-fold (OR = 2.9, 95% CI 1.2-7.3, p = 0.02) after the adjustment for socioeconomic status. The correlation of other household variables such as the cleanliness of the refrigerator and cooking facilities are shown in Table 1 .
Other associations with shigellosis
Adults and children visiting school appeared to be protected against shigellosis (OR = 0.5, 95% CI 0.3-0.9, p = 0.03, Table 1 ). Having visitors from outside the village was also associated with protection against shigellosis (OR = 0.6, 95% CI 0.3-1.1, p = 0.07). Children who drank milk more than five times a day were highly protected against shigellosis compared to children who only drank milk once a day or less (OR = 0.1, 95% CI 0.01-0.9, p = 0.02). Fly density in the household correlated with the risk of shigellosis. However, only fly density in the kitchen area was independently significant (OR = 2.3, 95% CI 1.3-4.1, p < 0.01). Houseflies (Musca domestica) were found in 53% of the study households.
The final model
The final model included household cleanliness, water for flushing the latrine, hand washing (before meal), visiting 430 P. Chompook et al. 50 (19) 1.5 (0.7-2.8)
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29 (21) 40 (15) 2.0 (1.0-3.8) school, having visitors from outside, and breastfeeding ( Table 2 ). The socioeconomic factors included in the final model were type of residence and family income. Some rubbish or a lot of rubbish in front of the household showed a two-fold increased risk of shigellosis ( p < 0.001). An amount of water (for flushing) in the latrine showed an 80% protective effect (OR = 0.2, 95% CI 0.03-1.4, p = 0.08). Regular hand washing before meals was associated with 50% protection against shigellosis (OR = 0.5, 95% CI 0.2-1.1, p < 0.05), similar to visiting schools (OR = 0.5, 95% CI 0.2-1.0, p < 0.05) and having visitors (OR = 0.5, 95% CI 0.2-1.1, p = 0.08). Breastfeeding was associated with the strongest protective effect reducing the risk of shigellosis by 95% (OR = 0.05, 95% CI 0.01-0.6, p < 0.01). Fly density was not independently significant in the final model.
Discussion
This is the first population-based case-control study on risk factors for shigellosis across all ages. However, the high incidence of shigellosis among children resulted in children being the dominant age group in our sample. We found several factors independently associated with an increased risk for shigellosis: renting accommodation instead of owning the accommodation, a low family income, dirty environment surrounding the household, and inadequate sanitation and hygiene. Our study found that visiting school and having visitors from outside reduced the risk of shigellosis, whereas other studies, usually conducted during shigellosis outbreaks, have shown that social gatherings and school contacts increase the risk of shigellosis. 7, 16, 17 Our study coincided with a campaign for hand washing and tooth brushing after lunch among the schools in the study area, which may have reduced shigellosis transmission. Hand washing alone or hand washing accompanied with tooth brushing may interrupt Shigella transmission. If so, this school-based intervention could be a powerful strategy for control and prevention of shigellosis including diarrheal diseases. 8, 16, 18 Breastfeeding was found to have the strongest independent protective effect of the factors under investigation, reducing the risk of shigellosis by 95%. However, the estimate of this effect was relatively imprecise with wide 95% confidence interval, due to the low number of cases and controls of breastfeeding age in the study. Earlier studies found that Risk factors for shigellosis in Thailand breastfeeding reduced the risk for shigellosis by 50-60%, which is consistent with our estimate. 10, 11, 19 Moreover, it has been shown in a case-control study in Bangladesh that breastfeeding may reduce the severity of shigellosis (defined by rectal temperature above 102 8F (39 8C), severe neurologic manifestation, or severe dehydration) by 50% (OR = 0.49, p = 0.01) among children aged under three years. 9 We found hand washing before meals, after meals, before cooking, and after defecation was associated with a reduced risk for shigellosis. Our findings are consistent with others that found an inverse association between hand washing and shigellosis. 20, 21 In our study hand washing, especially hand washing before meals, was associated with a decreased risk for shigellosis.
The presence of water for flushing the latrine was found to reduce the risk of shigellosis as was observed in a diarrhea study in Malaysia. 22 Perhaps this finding suggests that water quantity as well as water quality are essential to protect health. 23, 24 Our finding that household cleanliness, here defined as rubbish in front of the household, was associated with an increased risk of shigellosis is novel. It is possible that this association is a residual effect of socioeconomic status not removed by adjustment for type of accommodation and income. Alternatively, stagnant latrines without water for flushing and rubbish in front of the household may be independent environmental exposures.
The study confirms that inadequate water supply and sanitation are principal risk factors for shigellosis. Contaminated water supply has been documented as a cause of shigellosis outbreaks worldwide.
6,25-27 Surprisingly our findings show drinking bottled water increases the risk for shigellosis. Explanations include contamination of the bottled water or that those households having only access to poor quality water make use of bottled water. 28, 29 Earlier studies isolated enteric pathogens including Shigella species from houseflies, Musca domestica, 30,31 the predominant species in 53% of the study households. Ours is the first study to show a correlation between fly density in the household and a risk for shigellosis. The strongest correlation was observed in the kitchen area strongly suggesting contamination of foods through contact with flies. 32 Although fly density was not significant in the final risk factor model, the trend with increased numbers of flies in the univariate analysis was strongly suggestive of an increased risk of shigellosis. Other environmental factors such as rubbish in front of the household and latrines without water for flushing may contribute to the presence of flies and were a confounder for the effect of flies in this analysis.
This case-control study utilized the district-wide active surveillance of diarrhea patients to identify cases of shigellosis, 2 most of whom were recruited into our study. Some cases with less severe shigellosis and cases attending healthcare providers not participating in our surveillance may have been missed. To minimize bias, controls were matched on age, sex, and residence, which are known to be associated with shigellosis. 19, 33 Proxy variables for socioeconomic status were used to adjust associations in the analysis. The majority of shigellosis cases were children, but risk factors were assessed across all age groups. Risk factors for shigellosis may differ between adults and children, but our study did not have sufficient power to consider age groups separately. The statistical power of the study was not sufficient to evaluate rare exposures. This lack of power resulted in relatively imprecise estimates, indicated by wide confidence intervals for some exposures. A further limitation of our study was the un-blinded status of the investigator visiting the households and conducting interviews to the case/control status of the participant. This knowledge could have introduced bias in the data collection, although the agreement of our findings with earlier studies suggests otherwise.
Our study findings suggest a clear message for three areas in which interventions to prevent shigellosis should be concentrated. Firstly, there should be a provision of safe water, sanitation, and fly control in all households. Water in the latrine and garbage disposal should be improved. The avoidance of dumping or burning rubbish around the household and the control of flies in the household should be essential steps in the future prevention of shigellosis. Secondly, the promotion of hygiene, especially hand washing, suggests that effective health messages may be provided through schools. Thirdly, breastfeeding should be promoted to all mothers with young children.
